This paper is a first analysis of daily transactions in the foreign exchange market of Barbados, a small open economy that has had an unchanged peg to the U.S. dollar for over 30 years. As a result of the credibility of the peg, we expect that capital flows will respond to differentials between U.S. and comparable Barbadian interest rates, and that this will result in uncovered interest parity, when allowance is made for market frictions and large discrete events. The tests appear to confirm this. JEL Classification Numbers: F31, F41
1 DeLisle Worrell is with the IMF, and Roland Craigwell and Travis Mitchell are with the Central Bank of Barbados. The authors acknowledge with thanks the comments of Gene Leon, Galina Menchikova, Romain Veyrune, and Warrick Ward, though we are solely responsible for the views expressed herein. The views expressed in this paper are those of the authors and do not necessarily represent those of the IMF or IMF policy, or of the Central Bank of Barbados.
I. INTRODUCTION
The extent of financial integration in the modern world, reflected in the magnitude and pervasiveness of financial flows, has served to intensify research on the economic functioning of foreign exchange markets. In the open economy, international financial flows will ensure that interest rate parity is maintained for assets of similar maturities, or that the interest differentials exactly reflect expectations about exchange rate changes, provided there are no frictions and externalities. The overwhelming majority of studies of the foreign exchange markets have explored whether exchange markets do function in this manner 2 , and when they do not, what seems to account for the observed excess returns to foreign exchange speculation. A variety of hypotheses have been tested, to try to explain why interest premia are typically higher than may be anticipated on the basis of expectations of exchange rate changes. 3 This literature has almost never focused exclusively on the behavior of the foreign exchange market in regimes where the exchange rate is pegged, although some studies (for example Flood and Rose, 2001 ) do include pegged exchange rate markets in their sample. That may be because comparatively few countries have maintained a pegged exchange rate for such a long period, and through such vicissitudes of economic circumstance, that market expectations of exchange rate changes are virtually zero. This is a distinguishing characteristic of some currencies of smaller Caribbean countries, including the Barbadian dollar, the exchange market for which is the subject of the present study. In the absence of exchange rate uncertainty, inflows and outflows of foreign exchange should respond to interest differentials, in a way that maintains uncovered interest parity (UIP).
We test whether the flow of foreign currency transactions in Barbados is motivated by UIP between Barbadian dollar assets and equivalent assets denominated in U.S. dollars, the currency to which the Barbadian dollar has been pegged at an unchanged value since July 1975. Our working hypothesis is that international financial flows, reflected in daily transactions in the foreign exchange market, serve to equilibrate the Barbadian interest rate to the U.S. equivalent, apart from structural features, market frictions and imperfections, all of which can be accounted for in the estimation.
A deeper understanding of the mechanism of foreign exchange markets under pegged exchange rate regimes may be of interest to a growing number of countries. In addition to a core of Francophone African countries which have maintained a peg to the old French franc, and now to the Euro, and a number of small countries, mainly in the Western Hemisphere, with unchanged pegs to the dollar, 4 there is a small number of countries with currency board arrangements 5 which can be expected to exhibit similar foreign exchange market characteristics. Also, all the recent European Union accession countries, as well as the new aspirants, plan to adopt the Euro, 6 which means that they must manage their exchange rates to converge on the Euro within a qualifying period. Beyond these, there are regional groupings that maintain a virtual peg to the currency of an economically dominant neighbor, including the currencies of the South African rand zone, and the Pacific countries that are closely linked with Australia or New Zealand.
The next section provides a summary description of the institutional framework of the Barbadian foreign exchange market, and serves to explain, among other things, why we are able to infer market excess demand or supply solely on the basis of central bank transactions with commercial banks. We then move on to an explanation of the theory behind the empirical test, a description of the data and methodology, the discussion of the test results, and our conclusion.
II. THE INSTITUTIONAL FRAMEWORK
On July 5, 1975, the Barbados dollar was pegged to the US dollar at a rate of BDS$2 per U.S. dollar, and this rate has been maintained up to the time of writing. External transactions on the current account have been effectively free of restriction for this entire period. Transactions on the capital account, which are subject to the approval of the Central Bank of Barbados, have always been partially liberalized, judged by the criteria of Kaminsky and Schmukler (2003) and Quinn (1997) . There are no controls on capital inflows, and inflows may be fully repatriated, with profits, once they have been registered with the Central Bank of Barbados. The regulation of capital outflows may be more liberal in practice than it is intended to be, because of the fungibility of finance. Foreign trading companies routinely export and import short-term capital by changing the mix of foreign trade credit and domestic borrowing used to finance their working capital needs (Worrell, 1998) . Neither of these funding sources is subject to central bank control.
A small but growing proportion of capital transactions is with Barbados' Caricom partners. Transactions in private unlisted equities in Caricom countries were liberalized in 2005. However, central bank permission is still required for investment in regional corporate bonds and similar corporate instruments as well as for investment in securities of regional governments.
The Central Bank of Barbados ensures daily clearing of the foreign exchange market by buying and selling from its foreign exchange reserves, at the fixed exchange rate, plus a foreign currency transaction margin, which is changed very rarely. Banks may trade foreign currency freely on the interbank market, and they resort to the central bank only if there is a large surplus or deficit on the interbank market. Central bank regulations prevent banks from maintaining a net spot liability position in excess of 105 percent of gross foreign short-term assets 7 ; foreign currency exposures must be brought within the limit, if necessary by purchases from the central bank.
8 There is no limit on banks' net asset positions. Banks are not required to identify the underlying trade or capital transactions that provoke purchases and sales to the central bank, and there is no limit to the size of any purchase or sale. However, the central bank does require advance notice of large purchases, for its own cash management purposes. The foreign exchange transactions that cross the central bank's books are therefore a reflection of the daily balance of supply and demand in the foreign exchange market, and we may analyze the behavior of the market solely on the basis of central bank activity, without the need to examine all interbank transactions.
III. THEORETICAL CONSIDERATIONS
A majority of foreign exchange market studies begin with the UIP condition:
that is, the change over time period k (∆ k ) in the expected spot exchange rate k periods ahead (s e t+k ) is exactly compensated for by the premium on the domestic interest rate (i t,k ) over the foreign interest rate (i* t,k ).
9 If the exchange rate has been unchanged for as long as the Barbadian rate has, the market expectation of the change in the spot rate is zero, and the domestic interest rate converges to the foreign rate.
The mechanism that drives this convergence is the inflow and outflow of finance, reflected in the foreign exchange market. 10 The market equilibrium identity may be expressed as:
The limit was reduced from 110 percent in October 2004.
8 Banks report their position every Wednesday, and they are required to clear any excess liability within two business days.
9 See Sarno and Taylor (2002) , Chapter 2.
10 In contrast, in relatively closed economies, where the ratio of foreign transactions to the money supply is low, foreign exchange flows are insufficient to fund the excess demand (positive or negative) for money, and the central bank may therefore determine the domestic interest rate.
where INT t is the amount of central bank intervention on the foreign exchange market, CA t is the net current account surplus/deficit, and ∆K t is the net change in inflows/outflows on the capital and financial account. 11 As explained in the previous section, the Central Bank of Barbados does not intervene actively in the foreign exchange market, but simply buys or sells from a stock of foreign exchange in response to market needs:
where NPFX t is the central bank's net purchase of foreign exchange.
Changes in the current account, driven by real exchange rate changes or fiscally-induced changes in aggregate demand, appear as persistent net demand or supply (NPFX t ) over many days, causing an accumulation or decrease in the foreign exchange reserves of the central bank.
Because of such pressures, we expect the net demand on account of current transactions to exhibit autoregressive behavior. Equation (3) can therefore be written as:
This autoregressive behavior, together with the relatively high frequency of our data, influences our approach to the estimation technique, as explained below.
Among the factors that determine ∆K t , and therefore NPFX t , is the size of the interest differential (i t,k -i* t,k ) and the speed with which financial flows react to the emergence of any interest differential. At a daily frequency it is this change in net demand on the financial account (∆K t ) that determines the observed fluctuations in NPFX t , apart from large discrete payments, such as debt operations (foreign borrowing, debt service) by government and large corporations, or payments for energy or large capital equipment or bulk supplies. This gives us the following:
where Spayment is a discrete variable indicating large payments, 12 with the threshold taken to be BDS$10 million. Tseason is a discrete variable to differentiate between the high and low periods of the tourist season where the peak period runs from December 15 to April 14. The variable h, which measures the volatility of net demand for foreign exchange and which is described in the next section, may be interpreted as a reflection of the effects of transactions and information costs, or other frictions in the foreign exchange market. Because of these costs, small daily changes in the net demand and supply of foreign exchange may be accumulated as net foreign currency balances of commercial banks, and would not be reflected in net purchases with the central bank on the transactions day. This would produce a pattern of no net purchases, followed by a relatively large net purchase because of accumulated net demand, and would result in relatively high volatility. We expect positive signs for (i t,k -i* t,k ) and Tseason, while 11 Sarno and Taylor, 2001. 12 These payments produced the outliers that appear in Figures 2, 3 and 4.
Spayment should be negatively signed. The signs on the coefficients of h and NPFX t-i are ambiguous a priori.
IV. DATA, METHODOLOGY AND RESULTS
This paper uses daily data spanning the period January 1998 to December 2004 and, except for the international interest rate, whose source is the U.S. Bureau of Public Debt (www.publicdebt.treasury.gov), all data are taken from the Central Bank of Barbados data files. The value of foreign exchange transactions conducted by the Central Bank of Barbados on a daily basis is quite low, and activity is mainly for the sale and purchase of U.S. dollars. On three-quarters or more of all business days, the total purchase or sale by the central bank was less than BDS$ 1 million, which is only about 10 percent of the daily average of foreign currency credits in the balance of payments (Table 1 ). U.S. dollar transactions dominate, with mean values for purchases and sales that are about twice those for regional currencies combined, and a range of values which dwarfs that for regional currencies (Table 2 and Figure  1 ).
The (unconditional) distribution of net purchases of U.S. dollars is very heavily skewed, with most observations clustered between a net sale of BDS$10 million, and a net purchase of a similar amount. The fluctuations in day-to-day values occur in bursts of increasing and decreasing amplitude, appearing as cycles of increasing followed by decreasing volatility (Figure 2 ). An examination of the correlogram for net purchases of U.S. dollars suggests autocorrelations of up to 7 lagged observations, but their associated probabilities are quite low, especially after the first and second lag. The pattern of regional net purchases is also heavily skewed, and there appears to be some volatility persistence, though the episodes of increasing and diminishing volatility are less evident from an inspection of the series (Figure 3) . Autocorrelation falls away quickly after the first lag. The distribution of total net purchases (i.e. all currencies) mirrors very closely that of the U.S., with respect to amplitude, skewness, and pattern of fluctuations, though the mean is a net sale, rather than a net purchase ( Figure 4 ).
As is customary in the literature on volatile markets we use a moving average process to smooth out the random fluctuations in the data, making it easier to spot the trends and cycles. An arbitrary 10-day period was chosen, guided by the need to compromise between a period that was too short to eliminate day-to-day idiosyncrasies, and one that was so long as to obscure changing volatility patterns. Effectively this means that we lose no more than 10 observations, 5 each at the beginning and the end of the sample. Table 3 gives the summary statistics of this transformed daily data; it exhibits similar characteristics as for the raw data: skewness, leptokurtosis, non-normality and autoregressiveness. The series for the interest rate differential between Barbados and the U.S. treasury bills has similar characteristics. The interest spread, which appears large by the standards of large diversified financial markets, is common for small emerging markets, reflecting diseconomies of size and a relative lack of diversity in financial instruments (see IMF, 2004) . In addition, a plot of this interest rate differential indicates that its minimum and maximum values are outliers; in fact, the differential series has a slightly upward trend suggesting that large discrepancies occur over a fairly long time, avoiding the possibility for hedging and validating the assumption of UIP.
Given the volatile nature of the data we decided to utilise the GARCH-M representation to test Equation (5). Hence, the daily net purchases of U.S. dollars, the total of all daily net purchases of regional currencies, and the total of all daily net purchase of foreign currencies are the three dependent variables used in three separate versions of the test equation, to explore the effects of interest parity conditions, economic shocks and volatility on the observed mean values of the variables, as well as to test for the persistence of volatility in the variances. A preliminary step in this estimation procedure is to check the temporal properties of the variables. In this respect, we employ the familiar ADF unit root test. In addition, because the data is in the moving average format, the Elliot, Rothenberg, and Stock (ERS) Point Optimal test (1996) , which has improved power characteristics over the ADF test when there are negative-moving average errors, is applied. These results indicate that the variables are I(0) stationary, consequently, we estimate Equation (5) in levels.
A general GARCH-M model for a set of observations Y t (t = 1, 2, ..., T) is:
ƒ(ε t-j , h t-j ) + ξ′Z
This general model has three components: a mean process (g), equivalent to Equation (5) above, where the variable h is an element of X; a variance process (ƒ); and the error distribution (Ω). This system of equations may be estimated by computing the mean-variance combination for each distribution, starting at the same initial parameters for each combination, and comparing likelihoods, parameter constraints, and other characteristics of the resulting matrices. The problem with this approach is that the distributions, in general, are not nested.
An alternative strategy, employed in this paper, is to start by comparing the unconditional distributions (standardized on their means) with commonly used distributions such as the normal and t distributions, using the quantile plots found in the econometric software package EVIEWS. This provides a first sense of the nature of the distribution. We then consider the conditional mean derived using Equation (5), using an equation specification that ensures that the residuals are "white noise". Next, we test the distribution of the residuals against normal, t, and other commonly used distributions, in order to determine the nature of the conditional distribution. For that mean and conditional distribution, we set the maximum GARCH lag, check for congruency, and sequentially reduce the variance and mean. (This is an example of the general-to-specific approach.) Within each class of distribution, the usual likelihood ratio tests may be performed. One may also do a second round of checks to investigate the robustness of the specification, estimating the parsimonious GARCH-M model with the alternative distributions and comparing the results, using the quantile plots. However, we must bear in mind that the reduced (parsimonious) model will most probably reflect the initial parametric choice of the distribution, and subjective evaluation is needed to bring all of these factors together, including the interpretation of parameters. Note, for the GARCH-M model, the parameter restriction for h t to be covariance stationary is that the sum of the coefficients on the variables in the function f above be less than one. (Bollerslev (1986) also assumes that the individual coefficients in f need to be nonnegative but it has been shown that this latter restriction, while sufficient for the variance to be positive, is not necessary (Bollerslev, Chou and Kroner, 1992) ).
Based on this strategy we estimated Equation (5) as a GARCH-M process, first with net purchases of all currencies as the dependent variable, then with the U.S dollar and the subtotal of regional currencies (see Table 4 ). In all cases the estimation procedure revealed a significant GARCH-M (1,1) process with the errors following a generalized error distribution. The covariance stationarity property is upheld, as judged by the sum of the lagged squared errors and the lagged variance terms being less than one. The R-squared of all the models are reasonably high and the correlogram Q-statistics, using lag lengths up to 10, indicate no significant amount of serial correlation, except for the case of the US market. Note also that in all the specifications the parameter on the lagged dependent variable is statistically not significantly different from one, which appears contrary to the ADF and ERS unit root findings discussed above. As a result, we also estimated the various models in first differences. The underlying results, available on request from the authors, were quite similar to those in levels. Therefore we continue to focus on the equations ran in levels.
For the models of net purchases of all currencies and the U.S. dollar, all variables are statistically significant at the conventional 5% level and have the signs expected a priori. The results suggest that transactions, interest rate differentials and "market frictions" are the prime motivation for foreign exchange market activity, though the magnitude of the impact reflects the small size of daily transactions in the foreign exchange market. The coefficient that captures the impact of activity during the peak tourism season on foreign exchange volume is statistically significant, though the mean value of daily net purchases in the high season exceeds that of the low season by a mere (estimated) $8,000. 13 Exceptional receipts and payments have a stronger impact, with a statistically significant coefficient that indicates that the mean value of net daily sales of foreign exchange by the central bank is higher by $1.1 million when there are foreign exchange transactions of over $10 million in value.
14 A doubling of the interest rate spread between Barbados and U.S. treasury bills is estimated to produce an extra $1,600 of net purchases by the central bank, at the mean values of the variables. 15 The positive sign on the "market frictions" variable implies that higher volatility is associated with larger net purchases of foreign exchange. However, the persistence of estimated volatility in the foreign currency market is unexpectedly weak, though it is statistically significant.
For net purchases of regional currencies Equation (5) is modified to exclude the interest rate differential. The overwhelming proportion of transactions in regional currencies are trade and 13 The product of the coefficient of 0.22 on Tseason and the mean net sale of $ 38,000.
14 The coefficient for Spayment is -28.19. 15 Based on the elasticity estimate of -4.23*e -4 . services related, and do not include financial and capital transactions that might be sensitive to interest differentials. Such intra-regional financial and capital transfers as do occur normally take place in U.S. dollars. With this exclusion, the results suggest that the lagged regional currency and special payments are statistically significant and the R-squared is just as high as for the two proceeding models. The significance of the coefficient on special payments reflects bulk expenditures for trade and services rather than debt service, the main factor in the case of U.S. dollar transactions. Because most tourists to Barbados originate from the U.S., U.K and Canada the insignificance of the coefficient of tourism activity on net purchases of regional currency is not unexpected. As in the total and U.S. markets, there is a low persistence in estimated volatility in the regional foreign currency market.
V. CONCLUSIONS AND NEXT STEPS
We have developed a model of the behavior of the foreign exchange market under Barbados' pegged exchange rate, which shows that changes in the differential between U.S. and local interest rates had a significant effect on the foreign exchange market, during the period of observation, supporting the hypothesis that inflows and outflows of foreign currencies respond to interest differentials, in a way that is consistent with the UIP condition. The estimates also reveal significant variation in foreign exchange market activity between the "high" and "low" seasons for tourism, and significant impact of large discrete payments, mainly for debt service. However, the market exhibits weak persistence in the estimated volatility of daily foreign exchange transactions. It may be that the influence of large discrete transactions, which by their nature exhibit no persistence, is even greater than our estimates reveal.
Further empirical work needs to be done, to uncover the underlying pattern of volatility persistence which appears to be present from inspection of the raw data, but which our estimates have failed to detect. Possible directions for follow-up investigation include the use of longer time series, refinement of the transactions variables (tourist season and exceptional payments), and estimation procedures that allow for the possibility of discontinuities, asymmetries and nonlinearities in the reaction of foreign exchange to interest differentials. More direct tests of the uncovered interest parity condition might also be attempted, possibly with a wider sample of countries and over a longer time period. Should the conclusion prove robust that markets are characterized by uncovered interest parity, central banks in the countries concerned will find that the main tool for controlling inflation through financial markets has little effect on the domestic money market and inflation. 
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